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The Haemodynamic Effect of Internal Carotid Artery Stenosis on
Cerebral Perfusion During Aortic Surgery
E. Sbarigia∗, F. Speziale, C. Battocchio, M. Misuraca and P. Fiorani
I Cattedra di Chirurgia Vascolare, University of Rome “La Sapienza”, Rome, Italy
Objectives: to determine the impact of the extracranial internal carotid stenosis on cerebral perfusion during aortoiliac
surgery.
Design: prospective study.
Material and methods: of 432 consecutive patients undergoing aortoiliac reconstruction, 16/86 (18%) with >70%
internal carotid artery stenosis, underwent inverted surgical timing (aortic reconstruction first and carotid endarterectomy
second). Preoperative Transcranial Doppler (TCD) with and without acetazolamide was used to evaluate cerebrovascular
reserve capacity (CRC). Intraoperatively, middle cerebral artery flow velocity (mean MCAv) and systemic blood pressure
(SBP) were recorded.
Results: preoperatively, all 16 patients had good CRC (increase in mean MCAv: 66% right and 72% left). Intraoperatively,
the mean MCAv (from 49±13 to 45±14 cm/s; p=0.0249) and SBP decreased (from 127±25 to 113±22 mmHg; p=
0.0016). In patients with unilateral carotid disease, declamping had no effect on left mean MCAv despite a significant
decrease of SBP (129±44 to 113±21 mmHg; p=0.0211). In those with bilateral disease, declamping decreased both
mean MCAv: from (48±12 to 39±10 cm/s; p=0.011) and SBP (123±26 to 111±25 mmHg; p=0.0479). No perioperative
neurological deficit occurred.
Conclusions: if CRC is normal or still effective, aortoiliac reconstruction does not impair cerebral perfusion.
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Introduction during surgery on the abdominal aorta had a haemo-
dynamic pathophysiology.1–9
In patients needing surgery for aortoiliac athero- In the past, cerebral haemodynamics used to be
difficult to assess. Today, this is an easy task, thankssclerotic lesions who have coexistent occlusive disease
of the extracranial carotid artery, vascular surgeons to the introduction into routine clinical practice of
new and non-invasive diagnostic techniques able tohave customarily treated the carotid occlusion first,
leaving repair of the aortoiliac lesion till a later date. investigate cerebral perfusion (transcranial Doppler
ultrasonography (TCD), single photon-emission com-We surmise that this operative sequence now has an
anecdotal rather than a rational basis. Its origins date puted tomography (SPECT) and perfusional magnetic
resonance imaging (MRI)).9–14back to the 1970s, at a time when repairing the aorto-
iliac lesion before correcting the carotid stenosis led Higher quality intraoperative anaesthesiological
care and more advanced surgical techniques haveto an unacceptably high rate of central neurological
complications.1–9 All these early papers generically also done much to reduce or almost eliminate the
intraoperative risk of severe SBP falls due to aorticattributed intraoperative strokes to the coexisting ca-
rotid stenosis. Numerous later studies implied that clamping and declamping.
The aim of this study was to determine whetherthis was not invariably true.4,6 Yet none of the studies
supporting the customary operation sequencing pro- aortoiliac reconstruction impairs cerebral perfusion in
patients with internal carotid stenosis.vided intraoperative systemic or cerebral haemo-
dynamic data to confirm that intraoperative strokes
Material and Methods
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Table 1. Clinical presentation of the 16 patients enrolled in the study.
ICA occlusive disease ICA stenosis (%)
Right Left Symptoms Aortoiliac lesions
Bilateral 90 80 No AAA
Bilateral 70 40 No AAA
Bilateral >70 30 No AAA
Bilateral 40 70 No AAA
Stenosis + occlusion 50 100 No AAA
Stenosis + occlusion 60 100 No Aortic occlusion
Stenosis + occlusion >70 100 No AAA
Unilateral >70 0 No AAA
Unilateral 70 0 No AAA
Unilateral 70 0 No AAA
Unilateral 0 60 ulcerated plaque TIA AAA
Unilateral 0 60 ulcerated plaque TIA Multiple iliac occlusions
Unilateral 70 0 No AAA
Unilateral >70 0 No IV type TAAA
Unilateral 0 70 No AAA
Unilateral >70 0 No AAA
AAA denotes abdominal aortic aneurysm; TAAA denotes thoracoabdominal aortic aneurysm.
duplex evidence of internal carotid artery (ICA) sten- CBF velocity were stored each five minutes in the
anaesthetic charts.osis. Of these, 16 (18%) (all men; mean age 63 years,
range 58–78) underwent aortoiliac reconstructions as All the patients received i.v. sodium heparin 5000 IU
before aortic clamping.the first procedure: 2 for critical ischaemia and 14 for
aneurysmal disease. Descriptive and comparative statistics (mean/s.d.
and Student’s t-test: p significant at <0.05) were usedThe remaining 71 patients underwent CEA first.
Of the 16 patients, seven had bilateral carotid disease to analyse the collected data.
In 11 cases the aortoiliac operation consisted of an(four bilateral stenosis and three stenosis and contra-
lateral occlusion); and nine patients had unilateral aneurysmal resection followed by interposition of an
aortic graft; five patients received an aortobifemoraldisease; all stenoses were >70%; 14 were asympto-
matic; and two patients had a history of transient graft for occlusive disease.
ischaemic attacks (Table 1).
Preoperatively, cerebrovascular reserve capacity
(CRC) was assessed by TCD (TCD EME 62 D) under Results
baseline conditions and after intravenous (i.v. injection
of acetazolamide (1 g).12 Preoperative assessment of cerebral haemodynamics
by TCD recorded a mean baseline (before aceta-An absence of increase or an increase of mean MCAv
less than 20% in respect to the basal value, after i.v. zolamide) MCAv of 42±12 cm/s. Twenty minutes
after i.v. injection of acetazolamide the mean MCAvinjection of 1 g acetazolamide specified poor cerebro-
vascular reserve capacity (CVRC). This data was con- increased in both cerebral hemispheres (right MCAv
from 42±112 cm/s to 66±116 cm/s, 63%; left MCAvsidered the exclusion criteria from the reverse stage
operation. from 41±5 cm/s to 57±17 cm/s, 72%) showing that
all 16 patients had a satisfactory CVRC (Fig. 1).All patients were operated on under endotracheal
anaesthesia induced by sodium thiopental, fentanyl Intraoperative monitoring of cerebral haemo-
dynamics before clamping showed a mean SBP ofand isoflurane. Neuromuscular blockade was obtained
with vecuronium bromide. 123±21 mmHg and a mean MCAv of 47±12 cm/s.
Upon clamping, both SBP (123±21 to 127±25 mmHg)Intraoperatively, an arterial line was placed in the
radial artery for continuous, invasive monitoring of and MCAv (47±12 to 49±13 cm/s) showed a non-
significant increase. Conversely, after aortic de-systemic blood pressure. Throughout the procedure,
cerebral blood flow (CBF) was continuously monitored clamping both SBP (127±25 mmHg to 113±22 mmHg,
p=0.0016) and mean MCAv (49±13 to 45±14 cm/s,by insonating the middle cerebral artery (MCA) ip-
silateral to the ICA stenosis. Special care was taken to p=0.0249) (Figs 2–3) decreased significantly.
In the group with unilateral stenosis, aortic de-record changes in CBF velocities during aortic clamp-
ing and declamping. Intraoperative data for SBP and clamping led to a significant decrease in mean SBP
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Fig. 4. Intraoperative assessment of cerebral haemodynamics.
Changes in mean systolic blood pressure (mSBP) during clamping
and declamping of the aorta, in patients stratified for diffusion of
carotid artery disease. Note that in both the groups of patients0
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(unilateral and bilateral carotid occlusive disease) aortic declamping
significantly decreased mSBP.Fig. 1. Preoperative assessment of cerebral haemodynamics by
transcranial Doppler sonography and the acetazolamide (ACTZ)
test. (Η) Mean; (Φ) +s.d.; (Α) −s.d.
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Fig. 5. Intraoperative assessment of cerebral haemodynamics.
Changes in the mean middle cerebral artery blood flow velocity
(mMCAv) in patients stratified for diffusion of carotid artery disease.
Note that in patients with monolateral stenosis aortic declamping
left the mMCAv practically unchanged, whereas in patients with0 PA declamp
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bilateral carotid occlusive disease it caused a significant decrease.
Fig. 2. Intraoperative evaluation of systolic blood pressure during
aortic-iliac reconstruction.
ease, declamping significantly decreased both SBP
(123±26 to 111±25 mmHg; p=0.0479) and MCAv
(48±12 cm/s to 39±10 cm/s; p=0.011) (Figs 4–5).
None of the 16 patients suffered perioperative com-
plications.
Discussion
When significant carotid artery stenosis and aortoiliac
disease requiring surgery coexist, most vascular
surgeons have customarily preferred to treat the
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carotid stenosis first; even when the latter is asympto-
Fig. 3. Intraoperative assessment of cerebral haemodynamics: mean
matic. This practice is based upon an unacceptablemiddle cerebral artery blood flow velocity (mMCAv) for the 16
patients. postoperative stroke rate (ranging from 1.6 to 22%)
reported in early studies where the surgical order was
reversed.4,5,6,7–10,18
At that time a carotid-first policy was justified on(from 129±44 mmHg to 113±21 mmHg; p=0.0211)
but no change in mean MCAv (50 to 49 cm/s) (Figs the grounds of: haemodynamic instability related to
massive bleeding, the technical problems, the absence4–5). In patients with bilateral carotid occlusive dis-
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